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ABStrACT  We  used antibodies raised  against  both  a heparan  sulfate  proteoglycan  purified 
from  a mouse  sarcoma  and  a chondroitin  sulfate  proteoglycan  purified  from  a rat yolk sac 
carcinoma to study the appearance  and distribution of proteoglycans in cultured cells. Normal 
rat  kidney cells  displayed  a fibrillar  network  of  immunoreactive  material  at the cell  surface 
when  stained with antibodies to heparan  sulfate  proteoglycan, while virally transformed  rat 
kidney cells  lacked  such  a surface  network.  Antibodies to chondroitin  sulfate  proteoglycan 
revealed  a punctate  pattern on  the surface  of both cell  types.  The distribution of these two 
proteoglycans  was  compared  to  that of  fibronectin  by double-labeling  immunofluorescent 
staining. The  heparan  sulfate  proteoglycan  was found  to codistribute with fibronectin,  and 
fibronectin  and  laminin  gave  coincidental  stainings.  The  distribution  of chondroitin  sulfate 
proteoglycan was not coincidental with that of fibronectin. Distinct fibers containing fibronec- 
tin but lacking chondroitin  sulfate proteoglycan  were observed. When  the transformed  cells 
were cultured in the presence of sodium butyrate, their morphology changed, and fibronectin, 
laminin, and heparan sulfate proteoglycan appeared  at the cell surface  in a pattern resembling 
that  of  normal  cells.  These results  suggest  that  fibronectin,  laminin,  and  heparan  sulfate 
proteoglycan may be complexed  at the cell  surface. The  proteoglycan  may play a central  role 
in the assembly of such complexes since heparan  sulfate has been shown to interact with both 
fibronectin and laminin. 
Proteoglycans are implicated in a number of important cellular 
phenomena. They are present as components of various extra- 
cellular matrices including cartilage (1) and basement mem- 
branes (2-4). In addition to their structural role, proteoglycans 
are present on ceil surfaces (5-8) and are thought to be involved 
in the adhesion  of normal and malignant cells (9-12).  They 
may also function as mediators of specific cell surface interac- 
tions directing cellular differentiation and movements during 
development (13). 
Most studies on cell surface proteoglycans have focused on 
the  glycosaminoglycan  component  of  proteoglycans  using 
[aSS]sulfate  as  marker  or  by  staining  with  ruthenium  red. 
Growing  cells  have  been  found  to  shed  their  cell  surface- 
associated heparan sulfate during mitosis (14).  Changes have 
been observed in the quantity and properties of cell-associated 
glycosominoglycans upon transformation (15-17). While there 
is  no  complete  agreement  on  the  nature  of the  changes,  it 
appears that the amount of heparan  sulfate in the cell layer 
decreases  in cultures  of transformed  cells,  while  hyaluronic 
acid is present in increased concentrations. A transformation- 
associated  increase  in chondroitin sulfates has  also been re- 
ported (18).  The addition of sulfated polysaccharides to cell 
cultures  decreases  their  saturation  density  and  causes  trans- 
formed cells to assume a more normal morphology (19-21). 
Relatively little is known about the distribution and expres- 
sion Of intact proteoglycans. Recently, antibodies  have been 
raised  against  both  the  protein  core  of a  heparan  sulfate 
proteoglycan (22) and a chondroitin sulfate/dermatan  sulfate 
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distribution of proteoglycans in cultured cells and to establish 
the relationship of the proteoglycans to fibronectin and lami- 
nin.  We  used  a  normal  cell  line  which  we have  shown  to 
contain fibronectin  and  laminin  in the  extracellular  matrix, 
and its transformant lacking such a matrix (24). We now report 
that antibodies reveal marked differences in the distribution of 
proteoglycans at  the surface of the normal and transformed 
cells and that heparan sulfate proteoglycan codistributes with 
fibronectin and laminin in the extracellular matrix. 
MATERIALS  AND  METHODS 
Cells 
Normal rat kidney cells, subline 9 (NRK) (25, 26), and the transformed and 
tumorigenic (27) rat kidney cell line (TRK), 1255 B-7 (which was derived from 
NRK transformed by Kirsten sarcoma virus [26]), were grown in Eagle's minimal 
essential medium (MEM) supplemented with 10% heat-inactivated fetal bovine 
serum, 100 U/ml penicillin,  and  100/~g/ml streptomycin (Flow Laboratories, 
Inc., Inglewood, CA). Cultures were free of mycoplasma as tested by the method 
of Russell et al. (28). Sodium butyrate treatment of the TRK cells was performed 
by colturing the cells for 7-14 d in the presence of 2.5 mM butyrate (29). 
Antisera to Proteoglycan 
Preparation of antiserum to a heparan sulfate proteoglycan isolated  from the 
basement membrane-producing EHS mouse tumor has been described (22). The 
antiserum was absorbed with laminin coupled to Sepharose. 
Antiserum against a chondroitin sulfate/dermatan sulfate prot¢oglycan was 
prepared by immuniTing a rabbit with proteoglycan purified from a rat yolk sac 
tumor. The preparation and properties of proteoglycan and the antiserum have 
been described  (23).  Antibodies were isolated  from the antiserum by affinity 
chromatography on Sepharose to which the proteoglycan was coupled. 
Antifibronectin and antilaminin sera have been described previously (30, 31). 
Immunofluorescence 
Cells to be examined by immunotluorescence were grown on glass coverstips 
and stained without fixation or after fixation with 3.0% paraformaldehyde (24). 
Fibronectin was detected  using direct immunofluorescent staining with affinity- 
purified goat anti-rat fibronectin antibodies coupled to fluorescein. The conjugate 
was prepared according to the method of Johnson aad Holborow (32) by adding 
dry fluorescein isothioeyanate to a  solution of affmity-puritied antibodies (30) 
followed  by  separation  of the  conjugated  antibodies  from the  free  dye  by 
chromatography on Sephadex G-25. 
Indirect immunofluorescence was used to detect laminln and the proteogly- 
cans. Rabbit antibodies to laminin or the proteoglycans were incubated with the 
cells, and the binding of rabbit immunoglobulin was detected  by incubation with 
rhodamine-conjugated goat anti-rabbit IgG (N. L. Cappel Laboratories, Coch- 
ranville,  PA).  For double  fluorescence,  the  indirect  staining  for laminin  or 
proteoglycan was followed by di~ct staining with the goat antifibmnectin or vice 
versa. Negative controls included  absorption of the anttheparan sulfate,  anti- 
chondroitin sulfate, antifibronectin, and antilaminin with purified heparan sulfate 
proteoglycan, chondroitin sulfate proteoglycan, plasma fibronectin, and rat yolk 
sac tumor laminln, respectively,  and substitution of the antibodies with normal 
rabbit IgG. The fluorescence was viewed using appropriate filters  in a  Zeiss 
microscope equipped with phase-contrast and epifluorescence optics. 
RESULTS 
immunofluorescent Staining of Proteoglycans in 
NRK and FRK Cells 
The normal ceils exhibited in immunofluorescence a fibriUar 
staining  pattern  with  the  heparan  sulfate  proteoglycan anti- 
bodies (Fig.  I a  and b).  The chondroitin sulfate proteoglycan 
antibodies  revealed  a  punctate  pattern  distributed  over  the 
surface of the cell,  clustering at random intervals into bright 
blebs (Fig.  1 c).  The transformed cells,  when stained with the 
heparan  sulfate  proteoglycan antibodies,  lacked  the fibfillar 
network detected on the NRK (Fig. 1 d and e). They exhibited 
only marginally detectable diffuse fluorescence. The staining 
with the antichondroitin sulfate proteoglycan in TRK cells was 
in marked  contrast  to the  staining  observed  with  the  other 
antibodies  to  extracellular  matrix  components.  These  cells 
exhibited intense cell surface staining similar to the punctate 
pattern seen on NRK cells.  The TRK ceils  also showed the 
bright blebbing along the narrow processes of the cell body 
(Fig. l f). The staining patterns of fixed and unfixed ceils were 
identical. The staining for the heparan sulfate and chondroitin 
sulfate proteoglycans could be inhibited in each case with the 
specific antigen. 
Double-label Immunofluorescence 
Double-label  immunofluorescence  was  used  to  study  the 
distribution of the proteoglycans in relation to the distribution 
of fibronectin. The same technique was also used to establish 
the relationship of fibronectin to laminin. 
The staining of the NRK cells for heparan sulfate proteogly- 
can was coincidental with the staining pattern for fibronectin 
(Fig.  2).  Similarly,  the  staining  pattern  for fibronectin  was 
mostly  coincidental  with  the  staining  for laminin  (Fig.  3), 
although the laminin staining tended to have a more punctate 
appearance than fibronectin. 
When  the  double-staining  technique  was  used  to  detect 
simultaneously the chondroitin sulfate proteoglycan and fibro- 
neetin, it was found that this proteoglycan did not codistribute 
entirely with fibronectin.  There were fibers containing fibro- 
nectin  which lacked  (within  the  limits  of our detection) the 
chondroitin sulfate (Fig. 4).  However, structures positive for 
chondroitin sulfate proteoglycan were also positive for fibro- 
nectin staining. The order of application of the various anti- 
bodies as described in Materials and Methods or focusing of 
the microscope to different planes did not affect the staining 
and codistribution patterns. The staining of the heparan sulfate 
proteoglycan, the chondroitin sulfate proteoglycan, and lami- 
nin could be inhibited by absorption of the appropriate anti- 
serum with the specific antigens without affecting the staining 
of the fibronectin. Likewise, the staining of fibronectin could 
be inhibited with fibronectin without affecting the staining for 
the proteoglycans or laminin, 
Reappearance of Fibronectin, Laminin, and 
Heparan Sulfate Proteoglycan Staining in 
Butyrate-treated TRK Cells 
Culturing of the TRK ceils in the presence of butyrate has 
previously been shown to change the morphology of these cells 
toward that of normal cells and to restore their  cell surface 
matrix containing fibronectin (29). Butyrate treatment also led 
to the reappearance of the cell surface heparan sulfate proteo- 
glycan and laminin, and double-labeled immmunofluorescent 
staining (Figs. 5 and 6) confirmed the codistribution of these 
macromolecules with fibronectin found in normal cells. 
DISCUSSION 
Antibodies  to proteoglycans have  made  it  possible  to study 
their distribution in cell culture by immunofluorescence tech- 
niques.  Much of the previous information about the distribu- 
tion of proteoglycans has been obtained from chemical assays. 
This immunochemical method complements and extends the 
HAYMAN  IT  AL.  Proteoglycans  at CelISurface  29 FIGURE  1  Immunofluorescent staining for proteoglycans in NRK and TRK cells. (a and  d) Phase-contrast micrographs of the NRK 
and TRK cells, respectively. (b) NRK cells stained with antiheparan sulfate proteoglycan. (c) NRK ceils stained with antichondroitin 
sulfate proteoglycan. (e) TRK cells stained with antiheparan sulfate proteoglycan. (f) TRK cells stained with antichondroitin sulfate 
proteoglycan. Bar, 25/~m. x  400. 
previous information about their distribution. These antibodies 
are  directed  in  the  main  against  the  protein  portion  of the 
proteoglycan and not against the attached glycosaminoglycans 
(22,  23).  For this reason,  they may recognize only certain  of 
the proteoglycans containing  either heparan  sulfate or chon- 
droitin sulfate. 
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Three findings emerge from our study: (a) heparan sulfate 
and chondroitin  sulfate proteoglycans differ in their distribu- 
tion in cultured normal rat kidney cells; (b) the heparan sulfate 
proteoglycan codistributes with fibronectin and laminin in the 
extracellular matrix of normal rat kidney cells;  and (c) virally 
transformed rat kidney cells lack a detectable matrix containing FIGURE  2  Double immunofluorescent staining of NRK cells with rabbit antiheparan sulfate proteoglycan followed by rhodamine- 
labeled goat anti-rabbit IgG (b) and fluorescein-labeled goat antifibronectin  (c) as described in Materials and Methods. (a) The 
same field  in phase contrast.  (d and  e)  Higher magnification views of the staining patterns. Arrows indicate some of the fibers 
where staining with both the antiheparan sulfate proteoglycan (d) and the antifibronectin  (e) is particularly obvious. Bar, 25/sin. 
(a, b, and  c)  x  400. (d and  e) x  1,200. 
these three components but retain the cell  surface chondroitin 
sulfate proteoglycan. 
The  heparan  sulfate  proteoglycan was  found localized  in 
fibrils of extracellular matrix also containing fibronectin and 
laminin. In contrast, the chondroitin sulfate proteoglycan was 
present on the cell surface and, in a  speckled distribution,  in 
the  extraceUular  matrix.  Presumably  the  functions  for these 
two proteoglycans also differ. Previous studies suggest that cell 
surface heparan sulfate promotes cell adhesion (9, 12), whereas 
chondroitin sulfate  proteoglycan is thought to retard  the  at- 
tachment of cells to the substratum (9, 33, 34). Our finding of 
the  heparan  sulfate  proteoglycan  in  the  same  cell  surface 
HAYMAN  ET AL.  Proteoglycans  at CelISurface  31 FIGURE  3  Double immunofluorescent staining of NRK cells with rabbit antilaminin (b) and antifibronectin (c). (a) The same field 
in phase contrast. (dand  e) Higher magnification views of the staining patterns. Arrows indicate areas of coincidental staining with 
antilaminin (d) and antifibronectin  (e). Bar, 25#m.  (,,7, b,  and  c)  x  400. (dand  e) x  1,200. 
network  as  fibronectin  and  hminin,  both  of which  are  cell 
attachment-promoting  proteins  (24,  35,  36),  supports  these 
hypotheses. 
The role of heparan sulfate proteoglycan may be to facilitate 
the deposition to the extracellular  matrix  of fibronectin and 
laminin  Both of these proteins interact with glycosaminogly- 
cans (37, 38). Glycosaminoglycans (39-41) and a proteoglycan 
(42) have been found to enhance the binding of fibronectin to 
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coUagen and cause precipitation of coUagen-fibronectin com- 
plexes. Heparin and heparan sulfate are particularly active in 
this  respect.  Heparan  sulfate  proteoglycans  have  not  been 
studied with regard to insolubilization of coUagen-fibronectin 
complexes, but, on the basis of the results obtained with the 
.f 
glycosaminoglycans, One would expect them to have this activ- 
ity. 
The  concordant  absence  of staining  for  heparan  sulfate FIGURE  4  Double immunofluorescent staining of NRK ceils for chondroitin sulfate proteoglycan (b) and fibronectin (c). A sparse 
culture with few fibronectin fibrils was chosen to allow evaluation of the coincidence of the two stainings. (a) The same field in 
phase contrast. (d and  e)  Higher magnification views of the staining pattern, with antichondroitin sulfate proteoglycan (d) and 
antifibronectin  (e). Bar, 25/~m. (a, b, and  c)  x  400. (d and  e) x  1,200. 
proteoglycan, fibronectin, and laminin  from the extraceUular 
matrix of transformed cells supports the idea that the heparan 
sulfate  proteoglycan  may  play  a  role  in  the  formation  of 
extracellular matrix. Both fibronectin and laminin are synthe- 
sized  by  the  transformed  cells,  but  some  as  yet  unknown 
cellular property prevents their  incorporation into the extra- 
cellular matrix (24). The lack of  staining for the heparan sulfate 
proteoglycan at the surface of the transformed ceils suggests 
that this component is also absent from the matrix. Our data 
do not exclude the possibility that the proteoglycan would be 
present but unavailable for binding of antibodies.  It has been 
shown in cartilage (43) that the proteoglycan can be unavaila- 
ble for antibody staining. However, we have not observed any 
staining  for the beparan  sulfate proteoglycan even in sparse 
HAYMAN  ET  AL.  Proteoglycans  at CelISurface  33 FIGURE  5  Double immunofluorescent staining of butyrate-treateu 
IRK cells for heparan sulfate proteoglycan (b) and fibronectin  (c). 
(a) Same field in phase contrast. Bar, 25 #m. X 400. 
cultures  of the  TRK  cells where  the  extracellular matrix is 
sparse and would be expected to offer much less of an imped- 
iment to the penetration of antibodies than the compact carti- 
lage tissue. Moreover, since the proteoglycan is easily detecta- 
ble on the normal cells, it appears likely that the reason for the 
lack of stsining in the TRK cells is that it is absent. 
Lack of normal heparan sulfate proteoglycan in the trans- 
formed cells could be critical to the assembly of the extracel- 
lular matrix. We have not yet been able to determine whether 
the transformed cells synthesize heparan sulfate proteoglycan 
with properties similar to that of NRK. Immunoprecipitation 
has revealed no heparan sulfate in spent culture media of  either 
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FIGURE  6  Double immunofluorescent staining of butyrate-treated 
TRK cells of laminin  (b) and fibronectin  (c).  (a) The same field in 
phase contrast. Bar, 25/~m. x  400. 
cell type (E. O. Hayman, A. Oldberg and E. Ruoslahti, unpub- 
lished results). This will be an area of further investigation with 
important implications to  the  understanding  of extraceUular 
properties such as adhesion. 
We thank Dr. Eva Engvall for helpful discussions, Ms. Yvonne Ohgren 
for technical assistance, and Drs. John R. Hassell and Hynda Kleinman 
for heparan sulfate proteoglycan and antibodies to them. 
This work was supported by grants CA 28101, CA  28896, and 
Cancer Center support grant CA 30199 from  the National Cancer 
Institute, Department of Health and Human Services. 
Received for publication  28  December  1981, and in  revised form  29 
•  March 1982. 
REFERENCES 
1.  HascalL  V.  C.  1977. Interaction  of cartilage  proteoglycans  with  hyaluroni¢  acid.  J. 
Supramol. StrucL 7:101-120. 2.  Hay, E. D., and S. Meier.  1974. Glycosaminoglycan  synthesis by embryonic  inductors: 
neural tube, notochord,  and lens. £  Cell BIoL  52:889-898. 
3.  Kanwar,  Y.  S., and  M.  G. Farquhar.  1979. Isolation  of glycosaminoglycans (heparan 
sulfate) from glomerular  basement  membranes.  Proc. Natt  Acad.  ScL  U. S. A. 76:4493- 
449% 
4.  Robfin, R., S. O. Albert, N. A. Gelb, and P. H. Black. 1975. Cell surface changes correlated 
with density-dependent growth inhibition. Glycosaminoglycan metabolism in 3T3, SV3T3, 
and Con A selected revertant ceils. Biochemislry.  14:347-357. 
5.  Kraemer, P. M. 1971. Heparan  sulfates of cultured ceils. I. Membrane-assocmted and cell- 
sap species in Chinese hamster cells. Biochemistry.  10:1437-1445. 
6.  Oldberg,  A.,  M.  H66k,  B.  Obrink,  H.  Pertoft,  and  K.  Robin.  1977. Structure  and 
metabolism of rat liver heparan  sulfate. Bioehem. J.  164:75-81. 
7.  Perkins, M. E., T. H. Ji, and R. O. Hynes.  1979. Cross-linking of llbronectin  to sulfated 
proteoglycans at the cell surface. Cell. 16:941-952. 
8.  K.iell6n, L., A. Oldberg, and M. H66k.  1980. Cell-surface heparan  sulfate..L  Biol.  Chem. 
255:10407-10413. 
9.  Colp,  L. A.,  B. A. Murray,  and B. J. Rollins.  1979. Fibronectin  and  proteoglycans  as 
determinants  of cell-substratum adhesion. J. Supramol.  Struct.  11:401~,27. 
10.  Culp, L. A., B. J. Rollins, J. Buniel, and S. Hitri. 1978. Two functionally distinct pools of 
glycosaminoglycan in the substrate adhesion site of murine cells. £  Cell BioL  79:788-801. 
I 1.  Dietrich,  C.  P.,  L. O.  Sampaio,  O.  M.  S.  Toledo,  and C.  M.  F.  Cassaro.  1977. Cell 
recognition and adhesiveness: a possible role for sulfated mucopolysaccharides. Biochem. 
Biophys.  Res. Common. 75:329-336. 
12.  Schubert,  D., and M. LaCorbiere.  1980. A role of secreted glycosaminoglycans in cell- 
substratum adhesion. J. Biol. Chem. 255:11564-11569. 
13.  Toole, B. P. 1976. Morphogenctic role of glycosammoglycans (acid mucopolysaccharides) 
in brain  and other  tissues. In  Neuronal  Recognition.  S. H.  Barondes, editor)  Plenum 
Publishing Corp, New York. 275-329. 
14.  Kraemer, P. M., and R. A. Tobey.  1972. Cell-cycle dependent  desquamation  of heparan 
sulfate from the cell surface. J. Cell Biol.  55:713-717. 
15.  Chiarngl, V. P., S. Vannucchi, C. Celia, G. Fibbi, M. Del Rosso, and R. Cappelletti.  1978. 
Intercellular  glycosaminoglycans in normal and neoplastic tissues. Cancer Res. 38:4717- 
4721. 
16.  Satoh, C., R. Duff, F. Rapp, and E. A. Davidson. 1973. Production of mucopolysaceharides 
by normal and transformed cells. Proc. Natl. Acad. Sci.  U. S. A. 70:54-56. 
17.  Underhill, C. B., and B. P. Toole. 1980. Physical characteristics of hyaluronate  binding to 
the surface of Simian virus 40-transformed 3T3 ceLLs. J. Biol.  Chem. 255:45,~b-4549. 
18.  Dietrich,  C.  P.,  and H.  A.  Armelin.  1978. Sulfated  mucopolysaccharides  from normal 
Swiss 3T3 cell line and its tumorigenic mutant ST 1: possible role of chondroitin  sulfates 
in neoplastic transformation.  Biockera.  Biophys.  Res. Commun.  84:794-801. 
19.  Gahmberg,  C. G., and S. Hukomori.  1973. Altered  growth behavior  of malignant  ceils 
associated  with  changes  in externally  labeled  glycoprotein  and glycolipid.  Proc.  Natl. 
Acad. Sci.  U. S. A. 70:3329-3333. 
20.  Goto, M., Y. Kataoka,  T. Kimura,  K. Goto, and H. Sato.  1973. Decrease of saturatinn 
density of cells of hamster cell lines after treatment  with dextran  sulfate. Exp.  Cell Res. 
82:367-374. 
21.  Temin, H. M.  1966. Studies on carcinogenesis by avian sarcoma viruses. III. The differ- 
ential effect of serum and polyanions on multiplication of uninfected and converted cells. 
Z  Natl.  Cancer Inst.  37:167-175. 
22.  Hassell, J. R., P. G. Robey, H.-J. Barrach, J. Wilczek, S. 1. Retmard,  and G. R. Martin. 
1980. Isolation of a heparan  suLfate-containing proteoglycau from basement membrane. 
Proc. Natl. Acad. Sci.  U. S. .4. 77:4494-4498. 
23.  Oldberg,  A., E. G. Hayman,  and E. Ruoslahti.  1981. Isolation of a chondroitin  sulfate 
proteoglycan  from a rat yolk sac tumor and immunochemical  demonstration  of its ceLL 
surface localization. J. BIOL Chem. 256:10847-10852. 
24.  Hayman,  E.  G., E. EngvalL and E. Ruoslahti.  1981. Concomitant  loss of cell surface 
fibronectin and laminin from transformed  rat kidney ceils. J. Cell Biol.  88:352-357. 
25.  Duc-Ngnyen,  H., E. N. Rosenblum, and R. F. Ziegel. 1966. Persistent infection of a rat 
kidney ceil fine with Rauscher murine leukemia virus..L BacterioL  92:1133-1140. 
26.  KlemanL V., Nicolson, M. O., and Huebner,  R. J.  1971. Rescue of the genome of focus 
forming  virus from  rat non-productive  fines by 5'bromodeoxyuridine.  Nmure  (Load.). 
234:12-14. 
2%  BileUo, J.,  V.  H.  Freedman,  and  S.-I.  Shin.  1977. Growth of murine  sarcoma  virns- 
transformed  rat  kidney  cells in nude  mice: absence  of induction  of host  endogenous 
viruses. J. Natl.  Cancer Inst.  58:1691-1694. 
28.  Russell, W. C., C. Newman, and D. H. Williamson. 1975. A simple cytochemical technique 
for  demonstration  of DNA  in cells  infected  with  mycopLasmas and  viruses.  Nature 
(Lond  0. 253:461-462. 
29.  Hayman,  E. G., E. EngvalL and E. Ruoslahti.  1980. Butyrate restores fibronectm at cell 
surface of transformed cells. Exp. Cell Res.  127:478-481. 
30.  Ruoslahti, E., M. Vuento, and E. Engvall. 1978. Interaction of fibronectin with antibodies 
and collagen in radioimmunoassay.  Biochim.  Biophys.  Acta. 534:210-218. 
31.  Albrechtsen,  R., M. Nielsen, U. Wewer, E. EngvalL and E. Ruoslahti.  1981. Basement 
membrane  changes in breast cancer detect~l  by immunohistochemical staining for lami- 
inn. Cancer Res. 41:5076-5081. 
32.  Johnson,  G.  D.,  and  E.  J.  Holborow.  1973. Immunofluorescence.  In  Handbook  of 
Experimental Immunology. D. M. Weir, editor. BlackweLL  Scientific Publication, St. Louis. 
1:18.1-18.20. 
33.  Knox,  P.,  and P.  Wells.  1979. Cell adhesion  and proteoglycans.  I.  The  effect  of the 
attachmem  of chick embryo fibroblasts to tissue culture plastic and collagen. J.  Cell Sci. 
40:77-88. 
34.  Rich, A. M., E. Pearlstei~  G. Weissmeam, and S. T. Hoffstein. 1981. Cartilage proteogly- 
cans inhibit fibronectin-mediated  adhesion. Nature (Long).  293:224-226. 
35.  Carlsson, R., E. Engvall, A. Freeman, and E. Ruoelahti.  1981. I.am;nirt and fibronect/n in 
con adhesion: enhanced  adhesion of cells from regenerating liver to lamiinn.  Proc. Nail. 
AcacL  ScL  U. S. A. 78:2403-2406. 
36.  Terranova,  V.  P.,  D.  H.  Rohrbaclh  and G. R.  Martin.  1980. Role  of laminin  in the 
attachmem  of PAM 212 (epithelial) cells to basement membrane  collagen. Cell. 22:719- 
726. 
37.  Stathakis, N. E., and M. L. Mosesson. 1977. Interactions among heparin, cold-insoluble 
globulin, and fibrinogen in formation  of the heparin-precipitable  fraction of plasma. £ 
Clin.  Invest.  60:855-865. 
38.  Saknshlta,  S.,  E.  EngvalL and E.  Ruoslahti.  1980. Basement  membrane  glycoprotein 
taminln binds to heparin. FEBS (Fed. Eur. Biochem. Soc.) Left. 116:243-246. 
39.  Ruoslahti,  E., and E. EngvaLL. 1980. Complexing of fibronectin glycosaminoglycans and 
collagen. Biochim. Biophys.  Acta. 631:350-358. 
40.  JUek, F., and H. H6rmann.  1979. Fibronectin  (cold-insoluble globulin). IV. Influence of 
hepatin and hyaluronic acid on the binding of native collagen. Hoppe-Seyler's Z. Physiol. 
Cher~ 360:597-603. 
41.  $ohansson, S., and M. H66k.  1980. Heparin enhances the rate of binding of fibronectin to 
coLLagen. Bioehem. J. 187:521-524. 
42.  Oldberg, A.,and E.Ruoslahti.  1982. lmeractions between chondroitinsulfateproteoglycan, 
fibronectin, and collagen. J. Biol.  Chem. In press. 
43.  Poole,  A.  R.,  L  Pidoux,  A.  Ruiner,  L.-H.  Tang,  H.  Choi,  and  L.  Rosenberg,  1980. 
Localization of proteoglycan monomer and link protein in the matrix of bovine articular 
cartilage: an immunohistochemical  study. J. Histochem.  Cytochem.  28:621-635. 
HAYMAN  ET  AL.  Proteoglycans at Cell5urface  35 